The objective of this study was to evaluate the beneficial effects of erythromycin (Emy), a prokinetic drug active at the level of the abomasum, duodenum and proximal duodenum, in dairy cows undergoing a laparoscopic repositioning of left abomasal displacement (LAD). A total of 71 German Holstein cows were randomly assigned into three groups. Cows of the group Emy1 received erythromycin once preoperatively (10 mg/kg; intramuscularly). Animals of the group Emy3 were additionally treated twice after surgery at intervals of 24 h each (10 mg/kg; intramuscularly), while cows in the control group did not receive erythromycin. The milk yield of the patients was documented on Days 0, 1, 2, 3, 6 and 10 and the rumen contraction rate (RCR) was determined on Days 1 and 3. Additionally, the measurement of the concentration of beta-hydroxybutyrate (BHB) in whole blood samples was performed on Days 0, 1 and 3. Significant differences between the study groups regarding the cure rates, milk yield (in relation to Day 0); BHB concentrations and RCR could not be determined on the observation dates. With respect to a prudent use of antibiotics in livestock, the application of erythromycin as a prokinetic drug cannot be recommended for the present in cows undergoing a laparoscopic correction of LAD.
Left abomasal displacement (LAD) is an economically significant disease in high-yielding dairy herds (Staufenbiel 1998; Geishauser et al. 2000; Kotter 2005) , whose treatment requires a curative measures (Wittek 2010) . Laparoscopic approaches of repositioning of LAD (Janowitz 1998; Barisani 2004; Christiansen 2004 ) are considered to be minimally invasive, time-and cost-effective as well as safe (Sattler and Wittek 2011) .
The abomasal emptying rate is reduced in cows with LAD in the pre-and postoperative period (Wittek et al. 2005) . Erythromycin, a motilin receptor agonist (Ungemach 2010) , is considered as the most effective prokinetic drug at the abomasum in both calves (Afshari et al. 2009 ) and adult cattle (Wittek et al. 2008a; Wittek et al. 2008b; Wittek 2010; Constable et al. 2012; Sanger et al. 2013) . Its suitability for the treatment of postoperative abomasal hypomotility after surgical correction of LAD or abomasal volvolus was shown by Wittek et al. (2008a; Wittek et al. 2008b) . A single dose of erythromycin administered preoperatively had positive effects on abomasal emptying rate, rumen contraction rate (RCR) and milk yield after reposition of LAD by laparotomy and omentopexy in the immediate postoperative period (Wittek et al. 2008a) . Erythromycin is a member of the macrolide antibiotic family (Kroker 2010) . Currently, public
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Veterinarni Medicina, 61, 2016 (8): 413-420 doi: 10.17221/20/2016 interest in a restricted use of antibiotics is on the increase (Swinkels et al. 2015) -not least due to the detection of antibiotic-resistant bacterial strains in human and veterinary medicine (Thabit et al. 2015) , as well as the risk of antibiotic residues in food (Virolainen and Karp 2014) . Until now, data on beneficial effects of an erythromycin administration before or after laparoscopic repositioning of LAD are lacking. Therefore, this field study was conducted to investigate whether a single or triple erythromycin application has positive effects on outcome variables which can be determined easily at cow-side, i.e. milk yield, RCR and beta-hydroxybutyrate (BHB) blood concentrations, in the postoperative period in cows undergoing a laparoscopic abomasopexy. The hypothesis was that postoperative abomasal motility can be improved by parenteral erythromycin application and, as a consequence of a higher feed intake, milk yield and RCR may increase and the BHB concentrations might reach physiological values at a faster rate.
MATERIAL AND METHODS
Study design and animals. This study was designed as a randomised, controlled and partially blinded clinical trial (stockmen, milkers). The herd veterinarian and the statistician were not blinded. All procedures were performed as part of routine diagnostic and therapeutic procedures within the farm with informed owner consent.
Sample size was calculated using a web-based calculator (available at: http://imsieweb.uni-koeln. de/beratung/rechner/b2.html). On the basis of the mean milk yield of cows one day after reposition of LAD (mean ± standard deviation: 13 ± 4 kg) known from historical herd data, the effect size was planned. A sample size of at least 16 animals in each group was necessary to allow a difference of 4 kg (increase from 13 to 17 kg) to be detected at Day 1 after surgery with a statistical power of 0.8 and α = 0.05.
Cows of the German Black Pied Holstein breed from a German dairy farm (mean herd size 1850 cows; mean herd performance 9800 kg/lactation; cubicle housing and total mixed ration feeding) were enrolled in this study if a LAD was diagnosed (Dirksen 1990 ) within the observation period (2013) (2014) . A routine physical examination was performed (rectal temperature, respiratory rate and heart rate). As a further prerequisite for enrolment in this trial cows must have been in milk for seven to 50 days (DIM). Cows with signs of systemic illness (e.g. rectal temperature > 39.5 °C, clinical mastitis, watery diarrhoea or evidence of peritonitis during surgery) were excluded from the study as proposed by Wittek et al. (2008a) .
Treatment groups. Animals were randomised on the basis of the final numeral of the ear tag number (FNET). A single dose of erythromycin (10 mg/kg; Erythrocin vet. 200 mg/ml, CEVA Tiergesundheit GmbH, Duesseldorf, Germany) was injected intramuscularly to cows of the Emy1 group (FNET 0-2) one hour prior to surgery. In cows of the Emy3 group (FNET 3-5) erythromycin was administered additionally 24 and 48 h after the laparoscopic correction using the same dosage as in the Emy1 group. Cows belonging to the control group (Co; FNET 6-9) did not receive any specific treatment to prevent postoperative hypomotility of the gastrointestinal tract (GIT). Injections were performed at the medium third of the neck. LAD was corrected by abomasopexy using the laparoscopic approach according to Christiansen (2004) .
Additionally, all animals in the study were given a standard therapy consisting of a glucose/ fructose solution (Invert 40%, 500 ml i.v., single dose; Selectavet Dr. Otto Fischer GmbH, WeyarnHolzolling, Germany), antibiosis (procaine benzylpenicillin, 30 000 IU/kg i.m., three times at intervals of 24 h; Procain-Penicillin-Suspension 300 mg/ml, Albrecht GmbH, Aulendorf, Germany) as well as an antiphlogistic treatment (metamizole, 30 mg/kg i.v., three times at intervals of 24 h; Metapyrin 500 mg/ml, Serumwerk Bernburg AG, Bernburg/Germany) and the application of glucocorticoids (dexamethasone-sodium phosphate, 0.02 mg/kg i.v., single dose; Dexamethason 4 mg/ml, Vetoquinol GmbH, Ravensburg, Germany).
Data collection. On the day of surgery, individual cow data (lactation number, DIM, concomitant disorders, milk yield one week before surgery) were taken from the herd management software (HERDE ® dsp-Agrosoft GmbH, Ketzin, Germany). The milk yield of the patients was documented on the day of surgery (Day 0; corresponds to the date of diagnosis) as well as on Days 1, 2, 3, 6 and 10 and the RCR (n/3 min) was determined on Days 1 and 3 (morning measurement). Furthermore, the measurement of the BHB concentration (FreeStyle Precision, Abbott GmbH & Co. KG, Wiesbaden, The animals were kept in tie-stalls for ten days after surgery. During this period, they received hay ad libitum in addition to the total mixed ration. Afterwards, the cows were discharged into cubicle housing in a convalescent group. Cows that left the herd before the 10 th day after surgery were used only to calculate the cure rates, but not included in the further evaluation of the outcomes. Thus, only data of animals which had an undisturbed convalescence were analysed.
Statistical analysis. For data collection and treatment a standard software package (Microsoft Office ® , Microsoft Corporation, Redmond, USA) was used. Treatment effects at single time points were analysed by an ANCOVA model taking the baseline as a covariate (Vickers and Altman 2001) . Furthermore, we used a mixed model to check the difference between the groups in milk yield over time. For taking into account the repeated measure structure, a random cow effect has been included. 
RESULTS
In total, 26 cows were assigned to group Emy1, 18 animals to group Emy3 and 27 cows to the control group, respectively. Individual characteristics of the animals enrolled in this study are summarised in Table 1 . Noticeably, the DIM of the Emy3 group were significantly higher than in the control group (P = 0.034).
At the time of diagnosis of LAD 69.2% (Emy1), 83.3% (Emy3) and 62.9% of the cows (Co), respectively, had a concomitant disease. The proportions did not differ significantly between the study groups. The cure rates, defined as the proportion of patients who were discharged from the convalescent group to their performance group three weeks after surgery, were 96.2% (Emy1), 88.9% (Emy3) and 92.6% (Co), respectively. The differences were not significant. The outcome variables milk yield, RCR and BHB were evaluated in 25 (Emy1), 16 (Emy3) and 25 cows (Co), respectively. For the ANCOVA analysis at single time points, no significant effects were observed (Figure 1-3) .
Results of the Mixed Model for the outcome variable milk yield are outlined in Table 2 .
DISCUSSION
Abomasal displacements in dairy cows can occur at any time during lactation or in the dry cow period; however, they occur most frequently in early lactation (Loptien et al. 2005; Freick et al. 2013) . Thus, the animals included in this study (7-50 DIM) represent typical patients with this disorder. Several surgical procedures for repositioning of LAD have been described (reviewed in Sattler and Wittek 2011), i.e. percutaneous abomasopexy, right flank laparotomy and omentopexy, left flank laparotomy and abomaso-or omentopexy, ventral paramedian abomaso-or omentopexy, and laparoscopic approaches. Latter methods (Janowitz 1998; Barisani 2004; Christiansen 2004 ) are considered to be minimally invasive and safe methods for practice (Sattler and Wittek 2011) . From the literature it is known that cows with LAD have a reduced abomasal emptying rate which further decreases immediately after surgical correction (Wittek et al. 2005) . In a study by Wittek et al. (2008a) , abomasal emptying rate (D-xylose absorption test, pharmokokinetic T max model; group Emy vs control group: T max = 164 ± 64 min vs T max = 276 ± 72 min, P < 0.001), relative milk yield (baseline level at Day 0: group Emy vs control group: 7.5 ± 3.2 kg vs 8.9 ± 4.5 kg, P > 0.05; Day 1: 175 vs 125% of Day 0, P < 0.001; Day 2: 170 vs 125% of Day 0, P < 0.001) and RCR (group Emy vs control group, Day 1: 3.1 vs 1.9 contractions per 3 min) were increased significantly after reposition of LAD using laparotomy and omentopexy by a preoperative erythromycin administration using the same dosage as in our study. Therefore, in the present field trial we investigated whether positive effects on clinically easily measurable parameters (milk yield, BHB, RCR) after laparoscopic abomasopexy can be achieved with an erythromycin treatment. Since the duration of postoperative abomasal hypomotility is unknown (Wittek et al. 2005) , erythromycin was applied three times at intervals of 24 h in the Emy3 study group. In human medicine, low doses of this drug are administered repeatedly to increase gastric emptying in patients with gastroparesis and, thus, to facilitate a sustained clinical benefit (Dhir and Richter 2004) .
Clinical and subclinical ketosis are associated with a negative energy balance in the postpartum period leading to lipomobilisation and excessive production of ketone bodies in the liver and are risk factors for other disorders such as metritis, mastitis and displaced abomasum (Suthar et al. 2013 ). Thus, elevated BHB levels are commonly found in cows with LAD prior to surgery (Wittek et al. 2008a; Suthar et al. 2013) . After repositioning of the displaced abomasum, BHB values decreased in all treatment groups in the postoperative period likely due to an increased feed intake and energy supply, which was also observed by Newby et al. (2013) in cows undergoing a right flank laparotomy or a paramedian approach to correct LAD. All cows in this study received a glucose/fructose infusion (containing 220 g glucose-monohydrate and 200 g fructose) at the time of surgery to improve energy supply; the total amount of the administered glucose was below the maintenance requirements of lactating dairy cows. Presumably, dexamethasone treatment contributed to the rapid decrease of BHB until Day 3 after surgery since it affects glucose and lipid metabolism in early lactating dairy cows (Kusenda et al. 2013 ). However, erythromycin had no additional beneficial effect on BHB values or milk yield beyond this standard therapy. The cows of the three study groups differed significantly in their DIM values. Therefore, not only the absolute values of the outcome variables were compared, but in the case of milk yield and BHB additionally their changes in relation to the day of surgery. Neither the milk yield nor the RCR, nor the concentrations of BHB were influenced significantly by a single or triple erythromycin application compared to the untreated control in cows with an uncomplicated recovery phase. This may be explained by the less pronounced abomasal hypomotility after laparoscopic abomasal repositioning compared to laparotomy and omentopexy. In a study conducted by Wittek et al. (2009) , abomasal emptying in the laparoscopy group was significantly faster than in the group of cows with laparotomy (d-xylose absorption test, T max model: 192 ± 51 min vs 264 ± 94 min). In contrast, maximum concentrations of d-xylose in the serum of healthy cows in early lactation were measured already after 108 ± 14 min (Wittek et al. 2005 ). Since erythromycin is not able to rescue the LAD-associated abomasal hypomotility completely (Wittek et al. 2008a) , in the present study its effect was possibly not sufficient to achieve clinically measurable benefits. This hypothesis should be verified by further investigations using absorption tests and ultrasonography to measure the abomasal emptying rate after laparoscopic abomasopexy with and without the use of prokinetics.
A further explanation for the non-measurable effect of erythromycin on the investigated parameters is the use of the non-steroidal anti-inflammatory drug (NSAID) metamizole in all animals in this field study for postoperative pain management. Pain and inflammation may be a cause for postoperative gastrointestinal hypomotility (Steinbrook 1998; Schwarz et al. 2001 ). In the study of Wittek et al. (2008a) , administration of the NSAID flunixin meglumine resulted in a significant increase of the RCR on Day 1 after surgery, but did not alter the abomasal emptying. In another study the postoperative milk yield, feed intake, rumination activity and faecal consistency were affected positively by the same active ingredient (Guglielmini 2001) . Otherwise, in a study by Newby et al. (2013) a label dose of ketoprofen administered to cows immediately after surgical correction of LAD (right flank laparotomy or paramedian approach) and 24 h postoperatively did not alter the heart rate, respiration rate, rumen motility, BHB levels and behavioural outcomes. These varying effects underline the fact that the effectiveness of NSAIDs for treating postoperative hypomotility of the GIT depends on agent and species (discussed in Wittek et al. 2008a) . Metamizole has an analgesic and spasmolytic effect on the smooth muscle of the GIT (Loscher 2010) . Due to the pronounced visceral analgesia, metamizole could have reduced the severity of the postoperative gastrointestinal hypomotility (Pairet and Ruckebusch 1989) , and, thus, clinically measurable effects of erythromycin were absent. Wittek et al. (2012) compared different techniques (right flank laparotomy and omentopexy, left flank laparotomy and omentopexy, and laparoscopic abomasopexy) with respect to the systemic and peritoneal inflammatory response. In none of the groups were bacteria present in peritoneal fluid after surgery. Peritoneal fluid leukocytes increased in all groups with the highest value after laparoscopy, probably as only laparoscopic abomasopexy required perforation of the abomasal wall. Creatine kinase increased after laparotomy in both blood and peritoneal fluid, but in peritoneal fluid only after laparoscopy, indicating a less pronounced muscular damage ) and, thus, possibly less pain. Differences in tissue damage and local and/or systemic inflammatory response after repositioning of the displaced abomasum by laparotomy and omentopexy or laparoscopy can be reasons for different severities of postoperative abomasal hypomotility and, thus, may influence the effects of an erythromycin application. Wittek et al. (2008a) and Wittek et al. (2009) performed their studies in a university hospital, whereas the present trial was undertaken on a commercial dairy farm. Thus, it can be supposed that the time between the onset of the abomasal displacement and the surgical intervention was doi: 10.17221/20/2016-VETMED shorter in our study presumably resulting in a less severe postoperative paralytic ileus. For this reason the use of erythromycin may have been less advantageous.
In comparison to LAD, cases of right displaced abomasum without or with abomasal volvulus occur less frequently (Dirksen 1990; Freick et al. 2013) . The application of laparoscopy in this disorder is limited to cows without or with less pronounced volvulus. Thus, as a safe therapy only a right flank laparotomy and omentopexy is recommended (Sattler and Wittek 2011) . Characteristics of haemostatic dysfunction and cell damage are evident in cows with abomasal volvulus, e.g. increased L-lactate, D-dimer and lactate dehydrogenase levels as well as necrotic or apoptotic peritoneal neutrophil granulocytes . However, immediately after repositioning of the abomasal displacement in cows suffering LAD or abomasal volvulus by right flank laparotomy and omentopexy, there is no difference in abomasal emptying rate (Wittek et al. 2005) . A preoperative injection of erythromycin was shown as an effective method for ameliorating postoperative abomasal hypomotility in cows with abomasal volvulus after correction by laparotomy and omentopexy (Wittek et al. 2008b) . Currently, no data on the effects of erythromycin after laparoscopic repositioning of the right displaced abomasum exist, possibly due to the limitations of the laparoscopic techniques for this condition.
The present study was conducted on only one farm with a relative low sample size. Due to these limitations, the results can only be generalised to a limited extent and should be confirmed in largescale investigations, preferably with a multicentric study design. However, differences between surgical approaches used for the correction of LAD seem to exist, when considering the clinical relevance of prokinetics. Furthermore, it is still unknown in which individual cases of LAD (including cow-individual factors such as lactation number, DIM, milk yield, comorbidities) prokinetics can be recommended for a pre-or postoperative application. Likewise, studies in cows that already show symptoms of a postoperative paralytic ileus after correction of abomasal displacement, e.g. lack of feed intake, rumination, and defecation, an increase of abdominal circumference and a progressive deterioration of the general condition (Dirksen 2006) are missing. Thus, further investigations are necessary to inform the specific use of prokinetic drugs in bovine species.
CONCLUSIONS
The results of this study indicate that positive effects on postoperative milk yield, BHB values and RCR after the use of erythromycin as a prokinetic drug following laparoscopic replacement of LAD in cows with a normal convalescent period may not be observed. Further studies are warranted, involving a broader range of clinical-chemical parameters which are commonly altered in cases of LAD (Wittek et al. 2008a; Klevenhusen et al. 2015) or are associated with survival in the herd after surgical correction of LAD (Reynen et al. 2015 ) (e.g. glucose, non-esterified fatty acids, bilirubin, aspartate aminotransferase, glutamate dehydrogenase, serum amyloid A, serum calcium, serum magnesium, serum chloride, parameters of acid-base balance, insulin sensitivity), an assessment of cow attitude and appetite (Newby et al. 2013) , and the measurement of the abomasal emptying rate (Wittek et al. 2008a ).
